The centrality dependence of (multi-)strange hadron abundances is stud- The present comparison to the data of the WA97 and NA49 collaborations clearly supports the suggestion that conventional (free) hadronic scenarios are unable to describe the observed high (anti-)hyperon yields in central collisions.
I. INTRODUCTION
The investigation of strangeness production in relativistic heavy ion collisions is viewed as a powerful tool to study excited nuclear matter [1] [2] [3] [4] [5] [6] [7] [8] [9] and to search for the transition of (confined) hadronic matter to quark-gluon-matter (QGP). Several possible signals have been proposed for the observation of such a novel state of matter, but an unambiguous proof of its existence has not yet been achieved. For a recent review on the current status of possible QGP-signals see, e.g., [4] .
Strange and especially multistrange particles are of interest: Their relative enhancement and the hadron ratios in central heavy ion collisions, with respect to peripheral (or proton induced) interactions, have been suggested as a signature for the transient existence of a QGP-phase [1] [2] [3] : The main argument is that the (chemical or flavour) equilibration times should be much shorter in the plasma phase than in a thermally equilibrated hadronic fireball of T ∼ 160 MeV.
The dominant production mechanism in an equilibrated (gluon rich) plasma phase, namely the production of ss pairs via gluon fusion (gg → ss) [1] , should allow for equilibration times similar to the interaction time of the colliding nuclei, and to the expected plasma lifetime (a few fm/c).
It has been shown recently also in microcanonical calculations [10] that the equilibration times for kaons are similar to those of e.g. the pions, only in hadronic matter of very large energy density e ≫ e 0 = 0.15 fm −3 , where e 0 is the energy density of groundstate nuclear matter.
Recently, measurements by the WA97 and the NA49 collaborations clearly demonstrated the relative enhancement of the (anti-)hyperon yields (Λ, Ξ, Ω) in Pb-Pb collisions as compared to p-Pb collisions [11] [12] [13] [14] [15] [16] . The observed enhancement increases with the strangeness content (|S| = 1, 2, 3) of the probe under investigation [11] [12] [13] [14] [15] [16] . For the (Ω − + Ω − )-yield the enhancement factor is as large as 15 ! The data cover the range in transverse energy E T where the "anomalous" J/Ψ suppression is observed, a different much sought after signal for deconfined matter.
Also earlier experiments had reported the enhanced production of strangeness (mostly kaons, see e.g. [17] [18] [19] ).
Here, we investigate the strangeness enhancement within a microscopic transport model:
hadronic and string degrees of freedom are employed in the Ultrarelativistic Quantum Molecular Dynamcis model (UrQMD) [20, 21] . The strange baryon yields for Pb(158 A GeV)Pb collisions are computed vs. centrality and for p(158 GeV)Pb collisions. The observed total yields of Λ's, Ξ's and Ω's are well described in the p-Pb case by the present model.
Strangeness enhancement is predicted in the present calculation for Pb-Pb due to rescattering. However, for central Pb-Pb collisions the experimentally observed hyperon yields are underestimated by the present calculations. The discrepancy to the data increases strongly with the strangeness content of the hadron.
An ad hoc overall increase of the color electric field strength (effective string tension of κ = 3 GeV/fm), or, equivalently, a reduction of the constituent quark masses to the current quark masses enhances the hyperon yields to the experimentally observed high values.
Enhancement factors of ≈ 1.5(2) for Λ's, ≈ 2(6) for Ξ − 's, and ≈ 5 (13) for Ω − 's are obtained at midrapidity. The values in brackets are the results of the reduced masses/enhanced string tension calculations. The enhancement depends strongly on rapidity: for Λ's, strangeness suppression is predicted at projectile/target rapidity. The hyperon yields depend strongly on rapidity and are asymmetric with respect to midrapidity for p-Pb reactions.
Moreover, strangeness is not conserved locally in rapidity. Consequently, enhancement factors defined at midrapidity are not adequate for that comparison (p-Pb vs. Pb-Pb). proportional to the number of original valence quarks. The string tension κ is set to κ = 1 GeV/fm [22] . The production probability of a ss pair is reduced as compared to uū/ddpairs in the string models [22] according to the Schwinger formula [23] γ s = P (ss)
In central high energy heavy ion collisions the string density can be so high that the color flux tubes overlap [24, 25] . Consequently, the superposition of the color electric fields yields an enhanced particle production [24, 25] . In particular, the heavy flavors and diquarks are dramatically enhanced due to a higher effective string tension [25] [26] [27] . The increase of the string tension from κ = 1 GeV/fm to κ = 3 GeV/fm enhances γ s from γ s ≈ 0.3 to γ s ≈ 0.65 (for constituent quark masses of m q = 0.3 GeV and m s = 0.5 GeV). However, as seen from eq. (1), an increase of the string tension κ is equivalent to a decrease of the difference of the squared constituent quark masses. Therefor, this enhancement could also be due to a drastic drop in the masses due to chiral symmetry restoration [28, 29] . If we assume a reduction to the current quark masses, m s ∼ 230 MeV, m q ∼ 10 MeV, the strangeness to nonstrange suppression factor is also increased to γ s ≈ 0.65. Hence, such doubling of γ s might be interpreted as a signal of a phase of nearly massless particles. Here we increase the ratio overall, equivalent to an increase of κ from 1 GeV/fm to 3 GeV/fm. Total energy is conserved in this process. Hence, the production of non-strange hadrons is only moderately modified -the pion number changes by less than ≈ 4%. These γ s -values are not to be mixed up with (although striking similar to) the Becattini-values for e + e − "thermal" string analysis and for the heavy ion analysis [30] [31] [32] III. RESULTS AND DISCUSSION
The yields of strange baryons per event are shown in The small deviation of the Ω yield can be due to the slightly underestimated p-Pb data point. Note also our discussion of the uncertainties in the centrality variable N part .
In the calculations N part is determined via the scaled number of π − 's (in 4π geometry),
This number was found to be a robust observable, since it is directly proportional to the overlap volume of the colliding nuclei and thus to the desired quantity A linear increase of the hyperon yields with π − will yield constant particle ratios Y /π.
However, these ratios Y /π − increase with π − as can be seen in Fig. 2 . These ratios are for the full yields in 4π geometry. The increase in the ratios is more pronounced if rapidity/p t cuts are applied [33] .
The full symbols in Fig.2 and rescattering effects become important and thus allow for multiple production of heavy strange quarks [34] . For larger π − -values the ratios increase only moderately. The WA97 collaboration has reported a nearly linear increase in the yields for N part > 100.
If constituent quark mass reduction or collective string effects (κ = 3 GeV/fm) are taken into account for the more central collisions (full symbols) then the overall enhancement of strange particle production becomes also stronger. The change of the ratio Y /π − due to the reduced mass/increased string tension grows with the strangeness content of the probe. The star in Fig.2 represents an estimate for the Ξ − /π − ratio in 4π geometry of the NA49 collaboration [35] . Again, it coincides with the reduced mass/enhanced string tension calculations.
The strangeness enhancement factor
is predicted in Fig.3 
, and E * Ω − ≈ 13 are obtained at midrapidity. The stars indicate the reduced mass/enhanced string tension calculations for the central events. The enhancement factors grow with the strangeness content of the particle. This is in line with the experimental finding [12, 11] .
Strangeness suppression is predicted for the Λ's at target/projectile rapidity. This is due to the associated production of Λ's via e.g. pp → pΛK + , where the produced Λ carries the full momentum of the incident proton. This occurs more frequently in peripheral than in central Pb-Pb collisions.
The enhancement factors E Y here are not determined from the ratios of central Pb-Pb to p-Pb collisions: the rapidity distributions in p-Pb are strongly asymmetric (see fig.4 ). the production of (multi-)hypernuclei or strangelets: The finite initial net strangeness will support the strangeness distillery mechanism [36] .
IV. CONCLUSIONS
(Anti-)Hyperon yields in central Pb(158 A GeV)Pb collisions [11] [12] [13] [14] [15] [16] Strangeness is locally (in rapidity) not conserved in p-Pb collisions.
The comparison to data of the WA97 and NA49 collaborations shows clearly that there seems to be no conventional hadronic scenario which is able to describe the high hyperon yields. This is so far the only clear signal which contradicts transport calculations based on hadronic and string degrees of freedom and therefore indicates an extraordinary behaviour of hot and dense matter in the early phase, possibly a transition to a chirally restored state. 
